The authors present a prospective analysis of the functional outcome in 99 patients with traumatic tetraplegia consecutively admitted to the Pellegrin Hospital (University Hospital, Bordeaux, France). There was a 29% death rate. Eighteen months after injury, 33 % of the patients were dependent (not able to perform activities of daily living without the presence of a helping individual), 38% were independent. Two predictors of independence (age and initial Yale Scale Score) were found by a statistical analysis of the course of the disorder.
With improvement of the management of spinal cord injury patients (SCI), including the early transfer to a specialised unit, the intensive care facilities available and the involvement of a full range of specialist services, patients with traumatic tetraplegia can anticipate an increasingly improved prognosis. Nevertheless, reported rates remain variable concerning the ability to predict accurately, even amongst patients with similar injury, for those who will obtain an optimal functional outcome. The present study concerns 99 patients with traumatic tetraplegia, admitted to the emergency room of Pellegrin Hospital (University Hospital, Bordeaux). The major objective was to estimate the outcome of these patients and to determine initial predictors of functional performance.
Patients and methods
From January 1982 to December 1985, we included 99 patients with traumatic tetraplegia, initially and consecutively admitted to the emergency ward of Pellegrin Hospital (Bordeaux, France). Within 6 hours after admission, our rehabilitation team systematically collected data on their initial neurological state. Each subject was followed up monthly by one member of the team for a minimum period of 1 year.
The outcome was studied as a function of time in a longitudinal prospective analysis. When survival is assured, reintegration to normal living patterns can be viewed as the ultimate goal. Most professionals wish each patient to live his life as normally as possible, within the constraints of the aftermath of injury. In this sense, 'living' obviously involves functional performance. Many techniques measuring function have been reported in the literature in the past decade. The most common indicators are those which measure basic self-care routines such as feeding, dressing, toileting, transferring and moving. Collectively, these are most often referred to as activities of daily living (ADL), and are exemplified by such studies as the Katz index of ADL (Katz et al., 1963) , the Barthel index (Mahoney and Barthel, 1965) , the Kenny Self-Care Evaluation (Schoening et al., 1965) .
In the present study on traumatic tetraplegia, when survival was assured, we selected two functional states: dependence or independence. A patient with traumatic tetraplegia was defined as independent if he could perform basic self care activities such as feeding, dressing, washing, toileting, transferring and moving (in wheelchair or walking) without the presence of a helping individual, although he might need assistive devices. In this sense, the status of independence corresponded to a Barthel index of more than 60.
Several potential predictors of independence were selected for the initial examination. These included age, level of lesion, Yale Scale Score (YSS) (Chehrazi et al., 1981) initial conscious level. YSS allows grading of the lesional and sub lesional neurological findings. It is a quantitative measurement which does not have the ambiguous characters of the scales generally used (Frankel et al., 1969; Maynard et al., 1979) . The score is determined by motor and sensory testing, each on a scale of 5 points. The total score varies from 0 to 10; 0 indicates a complete lesion with absence of motor and sensory function below the level of injury, while 10 corresponds to intact medullary function. This scoring system is helpful since it is simple and reliable and can easily be administered in the emergency ward.
The Markov model (Commenges et al., 1984) was used to estimate the probability of the outcome in 3 states as a function of time. Univariate analysis was used to estimate the probability of independence (Kaplan and Meier, 1958) . Multivariate analysis (Cox, 1970 (Cox, , 1972 was also used to determine predictors of independence in traumatic tetraplegia.
Results
The total sample consisted of 99 patients with traumatic tetraplegia, 78% were males, with a male:female ratio of 4: 1. During the first month, 3 subjects were lost to follow-up while another 2 were lost in the following 6 months. The subjects ranged in age from 12 to 84 years (mean age = 41 years). A peak of 35% was found in the range 20 to 30 years. Upon admission, 12% of the patients were comatose and 59% had normal consciousness. Forty seven per cent of the tetraplegics had a complete lesion (YSS = 0). The mean YSS was 2. Within this population, 25% were injured at the C4 level, 31 % at the C5 level, 23% at the C6 level and 13% at the C7 level. Figure 1 shows the outcome of the 99 patients in 3 states: death, dependence, independence. The overall mortality rate was 29% at 3 months. Eighteen months after injury, 33% of the patients were dependent in ADL, 38% were independent. Figure 2 shows the independence curve of the total sample as a function of the initial YSS. YSS is a predictive factor of independence (p <0·0001). Figure 3 shows the independence curve as a function of the level of the lesion. The result is not significant (p = 0·41). Statistically, the level of the lesion is not a predictor of indepence in patients with traumatic tetraplegia.
With multivariate analysis, predictors of independence are age (p <0·001) and initial YSS (p <0·00001). Initial conscious level (p = 0·13) and lesion level (p = 0·68) are not significantly correlated with independence. 'tY. ·t/!.t:;. t:;t;. t:;t;-t:;t;. t:;t:;t;-t:;t;-t:;t:;t;-t; Follow-up (months)
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t;-Yale4to9,Age>30 Figure 4 Predictive model of independence as a function of age and initial YSS, Figure 4 shows a predictive model of independence in tetraplegic patients as a function of age and initial YSS.
Discussion
Among our tetraplegic patients, a peak was found in the age group 20 to 30 years. Fifty per cent of the sample was over 40 years, thus spinal cord injuries are not exclusively confined to young people (Harris et ai. 1980). Forty seven per cent of the tetraplegic patients had a complete lesion; this is a reflection of our sample being of consecutive primary admissions. These results differ from previously published series (Silver and Gibbon, 1968) that showed the prevalence of incomplete lesions in tetraplegics, because such series were based on both primary and secondary admissions to rehabilitation centres. Upon admission, 12% of the patients were in a coma and 60% had normal consciousness. These results are in agreement with other major studies (Maynard et al. , 1979; Harris et al. , 1980) .
To describe the outcome of the tetraplegic patients, we only selected 3 states: death, dependence, independence. The prognosis of mortality and walking recovery was already studied by the authors (Daverat et al. , 1989) . The present work focused on the notion of independence. In fact, tetraplegic patients who survived belong to two functional groups: they are dependent according to our definition (bed-confined or dependent in wheelchair) or they are not (independent in wheelchair or walking). Overall, on the day of the injury, our prediction showed that 3 almost equal states will distinguish tetraplegic patients: one third will die, another third will be dependent and a last third will be independent. Frankel et al. (1969) reported that 33% out of 218 cervical lesions are 'motor useful' after 1 year, and 10% completely recover. Maynard et al. (1979) followed 123 patients. Thirty per cent are 'motor useful' and 10% completely recover. These series published in 1969 and 1979 are not comparable to ours because they did not take into account patients who died during the first year following the injury. If we had used the same data in our sample, more than 55% of the patients should have become independent, which is high compared to the reports of Frankel and Maynard. Thus in 1989, when survival was assured, progress of medical care really improved the functional outcome of the spinal cord injured patients.
To predict the independence in tetraplegic patients, we used a uni-and multivariate analysis. With univariate analysis, YSS was a predictor of independence (p = 0·0001). So the severity of the neurological injury is very significant, as it was for the walking status recovery (Daverat et al. , 1988) .
The lesion level is not significant (p = 0·68). This result could be explained because our independence evaluation is very rough. Lesion level could be important for particular activities such as prehension and wheelchair locomotion (Minaire, 1982) but not for global independence in ADL.
With multivariate analysis, two predictors of independence were found in our study: age and the initial YSS. Lesion level still remained insignificant. It could be explained by a selection bias: tetraplegic patients who died had the highest lesions (Daverat et al. , 1989 ).
The predictive model (Fig. 4) shows that whatever their age, the patients with a complete lesion (YSS = 0) will remain dependent. When the YSS is from 1 to 3, age is an essential factor: under 30 years, 70% of the patients will be independent over 30 years, only 38%. When the lesion is very incomplete (YSS >4), 90% of the subjects under 30 years will be independent, only 50% over 30 years.
Conclusion
From the present results, we can conclude that among the tetraplegic patients who are admitted to the hospital on the day of the injury, one third will die, another third will be dependent in the activities of daily living and the final third will be independent. Statistical analysis enabled us to isolate two predictors of indepen dence: age and initial YSS. We can appreciate the importance of the YSS, which is a classification of acute spinal cord injury related more precisely to the neurological deficit. The patients are delineated soon after injury and we can appropriately manage and evaluate different therapeutic modalities.
